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principally due to an increase in urinary pH. On the other harrl, 
sodium bicarbonate increased urine pH but did not promote stone forma­
.tion in lambs fed a diet vtlth 15% hay. Lower urinary phosphorus 
concentrations (0. 8-24 mg. /100 ml. with 15% hay diet Y.2.• 19-99 mg. /100 
ml. with all-concentrate diet) appeared to be the limiting factor in 
calculi formation with diets containing hay. 
With a level of phosphorus (0. 28%) that was only slightly in 
excess of requirements, a low calcium to phosphorus ratio (0. 5-1:1) did 
not promote ovine urinary calculi formation. However, when dietary 
phosphorus was increased to o.47%, a calcium to phosphorus ratio great­
er than 2:1 appeared to be necessary for urinary calculi protection 
when ground limestone was used to increase dietary calcium. With the 
use of calcium chloride, a 1. 2:1 ratio completely prevented calculi 
formation. An increase in dietary phosphorus generally reduced weight 
gains arrl feed consumption, and additional dietary calcium overcame 
these effects. 
Urine arrl serum potassium arrl sodium were not related to phos­
phatic urolithiasis. In addition, lambs fed the calculogenic diets 
showed no increase in nondialyzable urinary constituents including 
protein, hexose and hexosamine. However, in combination with phos­
phatic ovine urolithiasis there were increases in urine ar.rl serum 
phosphorus and decreases in urine and serum calcium. Elevated levels 
of dietary calcium arrl phosphorus were reflected in higher serum values 
for the corresponding elements. 
· Experiment· III involved a study of interrelationships between two 
levels· of potassium (0. 41 and 1. 01%)-, two. levels of phosphorus 
(0,24 arrl 0.57%) arrl two levels of calcium (0.28 and 1.20%) on feedlot 
performance and phosphatic urinary calculi formation in ewe lambs. 
The feeding of 1% potassium chloride in a high phosphorus (0.57%) 
diet depressed weight gains, but additional calcium overcame this 
depression. ·,,Jhile the incidence of urinary calculi was not increased. 
by the higher level of potassium, the average size of the urinary 
mineral deposits was larger. 
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LITERATURE REVIEW 
Introduction, 
The problem of bladder and urethral stone is one of the first 
known diseases of man. A well-formed bladder stone was found with the 
skeleton of a 16-year-old Egyptian boy who probably lived 7, 000 years 
ago (Shattock, 1905). Joly (1929) has also reported that bladder 
stones were common in Greek and Roman Times an:l lithotomy, cutting for 
stone, was used as a preventative method. 
The first reported occurrence of urinary calculi in farm animals 
was by Youatt in 1893 in Englarrl (Beveridge, 1942). Urinary calculi 
is now recognized as a major problem in the raising of livestock. 
Ensminger et al. (1955) reported t�at the urinary calculi problem, 
nationwide, ranked number five an:l accounted for 5.5% of all nutri­
tional diseases in cattle, For the Midwest they rank it as the number 
two problem, accounting for 18, 6% of cattle suffering from nutritional 
diseases. It is not only a problem in the feedlot, but on the range 
as well, To combat the problem in both humans an::l farm animals, sev­
eral species of ·animals including cattle, sheep, cats, dogs, foxes, 
mice, mink arrl rats have been used in research work, There are no 
reports in the literature of a urinary calculi problem in swine an::I. 
horses, although Cornelius arrl Bishop (1961) report an analysis of a 
stone from a horse, 
In addition to the name urinary calculi, other terms. used to 
describe the same problem include urolithiasis, · water belly, gravel, 
kidney stones, bladder stones and urethral stones, Strictly speaking, 
stones are a resulting co:rrlition rather than a disease. 
The most positive evidence of calculi is partial or complete 
blockage of.the urinary tract, The symptoms associated with urinary 
calculi have been reported by Pontius et al. (1931). Affected animals 
stop eating and the back becomes arched, especially when they strain 
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to urinate. Straining causes the tail to be held away from the body, 
ar.rl secondary rectal prolapse is not uncommon, The animals become dull, 
listless, twitch their tails and, in advanced stages, show evidence of 
great pain, They are inclined to lie down much of the time and when 
they do get up, they frequently stamp their hind feet am kick at their 
abdomen. With partial blockage, urine slowly dribbles from sheath, 
an:l preputial hairs may contain masses of calculous material. Upon 
complete blockage the bladder or urethra will rupture am the animal 
dies of uremic poisoning. Complete urethral blockage arrl uremia may 
occur after.only 2 weeks on calculi-provoking diets (Cornelius an:i 
Moulton, 1960). 
As reported by Connell et al, (1959), Udall (1959) and Udall et al. -- --
(1965), peak calculi incidence in animals is present in mid-winter 
from October to March, usually coinciding with the onset of cold 
weather, In cattle, obstructive calculi occur most often in steers 
but are found occasionally in bulls (Connell et al., 1959). The ure­
thra in steers an:l wethers, as a result of castration, is of smaller 
diameter, and its obstruction may be brought about by a relatively 
small stone which may be restricted in its passage by the S-curve or 
sigmoid flexure of the penis, Scratching of the urethral lining irrluces 
reflex spasm in the surround.ing musculature, and these. spasms may 
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impede arrl fix the stone. The susceptibility of males, as compared to 
females, to obstructive urolithiasis would seem to be due to differ­
ences in anatomy rather than to less frequent urolith development in 
females (Connell et al., 1959; Emerick and Embry, 1964). They 
(Connell et al., 1959) also reported that it appears to be muscular 
strength of the ureters that creates the pressure and ruptures the 
bladder in urethral obstruction, rather than kidney secreting pressure. 
As reported by Connell et al. (1959), calculi in the bladder can 
produce obstruction in any of three ways : (1) by single uroli ths 
attaining obstructive size, (2) by agglomeration and cementing together 
of numerous small uroliths or .(3) by numerous small stones of subob­
structive size passing into the ure_thra. Stones can begin forming 
anywhere between the renal glomerulus and the prepuce, although most 
obstructive calculi have their beginning at the renal papilla level. 
Factors influencing calculi formation. 
Among the principal factors that have been reported to influence 
urinary calculi, and by proper manipulation help to prevent it are: 
urine pH, urine volume and. mineral composition of the urine arrl diet. 
These factors may act alone or in combination. In recent years, 
research on the mechanisms of stone formation has centered on three 
main aspects: (1) the relation between the concentrations of the 
precipitating ions in urine and the solubility of the salts formed, 
(2) the role of urinary proteins ani mucoproteins am (3) the part 
played by inhibitors of crystallization. 
Urine Iili• Higgins (1933) working with rats, was one of the first 
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to show that renal calculi are partially depenient upon urine pH, This 
was followed by the use of urinary acidification for prevention of some 
types of urinary calculi in humans. Higgins (1935) arrl Keys er (1935) 
indeperrlently reported on the value of acidification in the treatment 
of (presumably) phosphate stones, On the other harrl, Oppenheimer ani 
Pollack (1937) reported no benefit from urinary acidification in the 
treatment of urinary stone, although they probably treated many 
patients having oxalate stone. It is also clear that pH alone is not 
the determining factor in stone formation, The pH of the urine of 
feedlot steers forming phosphate stones is alkaline but may be no 
different from those not forming stones (Frank et al, , 1961), 
Most types of calculi appear to be pH dependent, except the 
silicious type. ·silica uroliths have been reported to be formed in 
both acidic and. alkaline urines (Bezeau et al, , 1961; Bailey et al , ,  
1963), Thes·e workers concluded that although pH of the urine �y be 
important in calculi formation, the incidence of silicious calculi. 
is not a simple function of the urine pH. 
The solubility of calcium phosphate and hence the formation ani 
growth of phosphatic or apatite calculi are influenced principally by 
pH of the urine (Elliot et al. , 1961), Therefore, most urine specimens 
which consistently have a urine pH above 6.6 will be saturated with 
calcium phosphate unless the urinary calcium excretion is less than 
50 mg. per 24 hours. 
Several materials have been used to change urinary pH. These 
include ammoniu...� chloride, calcium chloride, magnesium_ chloride, sodium 
bicarbonate arrl potassium bicarbonate, The chlorides tend to acidify 
the urine while the bicarbonates promote a higher urine alkalinity, 
Bushman et al. (1967, 1968) have shown that 1-1. 5% annnonium chloride 
or calcium chloride lowers urine pH, thus decreasing ovine phosphatic 
calculi formation, In their studies, a lower level (0,5%) of calcium 
·chloride or annnoniu.m chloride appeared to be ineffective in calculi 
prevention, 
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Supplementing 1 gm, of ammonium chloride per mink per day was 
effective in preventing the formation of magnesium ammonium phosphate 
urinary calculi (Leoschke and Elvehjem, 1954). A lower level of one­
half gm. of ammonium chloride per mink per day was ineffective , 
Vermeulen et al, (1951) has also shown that 1, 5% ammonium chloride will 
prevent phosphatic calculi formation in rats, They also reported that 
the a�idificatioh of the urine resulted in dissolution of existing 
calculi in most instances, 
Various ·acid producing substances have been used in human studies 
to prevent oxalate calculi (Winer, 1959), This worker used sodium. acid 
phosphate, ammonium chloride, betaine hydrochloride or acid ash foods 
such as cranberry juice to achieve intermittant urine acidification, 
Intermittant alkalinization may be obtained by use of palatable alkalis 
or alkaline ash foods, with cantaloupe having the greatest effect, 
Zinsser et al. (1968) have also used various acidifying agents, 
chlormerodrin, ammonium chloride arrl cranberry juice, to prevent 
calcium citrate calculi in humans, Chlormerodrin is an antibacterial 
agent that diminishes activity of bacterial u.rease, 
·The feeding of. ammonium chloride for calculi prevention in.sheep 
am cattle has been cleared by the F.D.A, -(1968). The$e 
regulations permit the use of approximately 28.4-42.5 gm. of 
technical grade ammonium chloride per head daily for fattening cattle 
an:i 7.1 gm. for sheep. On the basis of work done at this station 
(Bushman et al., 1967, 1968), these levels appear to be too low for 
optimum effectiveness urrler con:iitions conducive to a high incidence 
of calculi. 
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For production of phosphatic calculi in rats, Vermeulen et al. 
(1951) fed sodium bicarbonate to increase urine alkalinity. The 
feeding of 1.5% ammonium chloride in a basal laboratory chow to Harlan 
male rats acidified the urine, and prevented the formation of magnesium 
amr.1onium phosphate stones on implanted zinc disc (Gill et al., 1959). 
However, 1.5% sodium bicarbonate somewhat augmented stone growth urrler 
these con:litions. 
In cats (Carbone, 1965) , struvite calculi appeared in the urine in 
direct relation to the physiologic elevation of urine pH above 6.a.· 
The struvite crystals were made to appear in the urine of a normal cat_ 
by administering the carbonic anhydrase inhibitor, acetazolamide. This 
compou:rrl inhibits hydrogen ion secretion in renal tubules increasing 
the pH to 7.0 or higher. Sodium bicarbonate has also been administra­
ted to cats to increase the formation of struvite crystals (Carbone, 
1965: Rich ar.rl Kirk, 1968). Rich arrl Kirk (1968) stated that, even 
though urinary acidification decreases the amount of crystals, 
prolonged acidification does not prevent recurrence of u�inary tract 
obstruction. 
As stated above, an alkaline urine terns to promote phosphatic 
calculi formation, but this is not the case with uric acid calculi.• 
Vermeulen and Fried (1965) have reported that alkalinization of human 
urine will cause in vivo dissolution of uric acid calculi. 
Urine volume. The concentration of normal urinary constituents is 
. 
obviously subject to wide variations, depending upon the urine volume. 
In estimating the degree of saturation, the concentration of the 
various constituents is of greater importance than the 24-hour output, 
An increase in urine volume has been used to prevent silica 
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uroli thiasis (Bailey, 1967a, b; Forman et al. , 1958; Newsom et al. , 
1943), This increase in urine volume has been accomplished by feeding 
a large amount of sodium chloride. A dilution of the urinary constit­
uents in this manner prevented the calculi producing materials from 
reaching their saturation point, Udall (1959) arrl Elam et al. (1957) 
have shown that the feeding of 10% sodium chloride in a pelleted diet 
prevented the formation of both bladder ar.rl renal calculi of the 
phosphatic typ� in sheep. Not only does sodium chloride increase water 
consumption, but it has also been proposed to have a specific effect 
of displacing magnesium and phosphorus from nucleation centers on the 
matrix, thereby preventing crystal development am phosphatic urolith 
formation (Udall et al., 1965). This mechanism of action, assigned to 
the chloride.ion, remains unconfirmed as a factor in calculi 
prevention. 
It has also been shown in rats that diuresis will dissolve urinary 
minerals previously deposited on foreign-body bladder implants (Grove 
et al., 1950). In this instance, diuresis was obtained by substituting 
a lo% glucose solution for tap water, increasing urine. volume five­
fold. Yet, several workers (Robbins et al., 1965a; Lindley et al., · 
1953; Taysom et al. , 1951) have shown tha.t animals afflicted with 
calculi had larger urine volumes than those remaining free of stones. 
This appeared to be due to the greater water consumption associated 
with higher mineral intakes for the afflicted animals. Elliot et al., 
· (1961) have shown that urinary dilution is of questionable value in 
reducing the formation of calcium phosphate stones because of the 
concomitant dilution of all other substances in urine which increase 
the solubility of calcium phosphate. 
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As reported by Prince et al, (1956) , there is a definite seasonal 
incidence of urinary calculi in humans. The incidence of acute 
urolithiasis (calcium oxalate arrl/or calcium phosphate) appears to 
follow the average mean temperature with the greatest n1L.ilber of cases 
occurring from April to October and the fewest in Februacy, They 
expressed the opinion that the average mean temperature existing from 
April to October results in dehydration an::l urinary concentration with 
resultant increases in stone formation during these months. Therefore, 
if the patients can be made to take large quantities of liquid to 
increase urine volume, particularly in the hot months, the number of 
cases of calculi may be reduced. 
Dietary am urinary mineral cornnosition. The mineral composition 
of the diet and. urine is of utmost importance in calculi formation. 
To some degree, a mineral in great excess in the diet am/or urine 
determines the type of stone formed. However, several w9rkers (Bailey,. 
1967a; Emerick et al., 1959, 1963; Forman arrl Sauer, 1962; Whiting 
et al. , 1958) have shown that feeding inorganic sources of silica to 
animals does not influence the incidence of silicious calculi. 
Prediction of the incidence of phosphatic urolithiasis in sheep 
has been attempted by using a multiple regression analysis based on 
the dietary mineral intake (Lamprecht et al. , 1969a). On the basis of 
their analysis, the maximum phosphatic urolithiasis producing diet is 
one composed of a high level of phosphorus, low level of calcium_an:l 
magnesium arrl a o.64% potassium level. Serum values (phosphorus, 
calcium, magnesium an:i potassium) along with urine excretion values 
for 24-hour volume, specific gravity, pH, titratable acidity an:l total 
calcium, magnesium, phosphorus an:i potassium have been used to predict 
urolithiasis with about 75% accuracy urrler limited experimental 
conditions (Lamprecht et al. , 1969b). 
Because of the specificity of diet-urine-calculi relationship, 
this subject as it pertains to phosphatic calculi is discussed in 
detail urrler the heading "phosphatic urinary calculi". 
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1-�iscellaneous. Several other factors influence calculi fo�tion, 
but they may be of limited or doubtful importance. Vermeulen et al .• 
(1955) express the belief that three basic factors are essential for 
stones to form: (1) precipitation of crystalloids, (2) retention of 
crystalloids and (3) presence of matrix or birrling substance. Other 
factors, as stated previously, have been implicated in the control of 
corrlitions for precipitation. Butt an:i Hauser (1952) and Butt (1952) 
concluded that the urine of humans prone to stone formation was 
deficient in protective colloids, and that this was the main facto_r in 
stone formation. They report that urinary colloidal activity of Negroes 
is high compared to that of the white race, and the former is less 
prone to stone formation. Work with hamsters has shown that 
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sequestering of urinary stone salts in a quasi-colloidal form is 
adverse to stone formation (Vermeulen, et al. , 1960) . On the other 
hand, growth of stones in vitro irrlicated that there was no participa­
tion or facilitating influence of normal �inary colloids in stone 
growth (King and Boyce, 1963), 
All stones appear to have an organic matrix composed principally 
of mucosubstances and distributed from the center to surface of calculi 
(Boyce and King, 1963). The matrix consists of both amorphous and 
regularly arranged material in the form of laminations (Finlayson et 
al. , 1961). In fully crystallized calculi the matrix accounts for 
2, 5% of the dry weight, but in "matrix" calculi the comparab�e average 
is 65% with a range of 42-81,4,% of the dry weight (Boyce and King, 1959) . 
A comparison of the crystalline arrl matrix structures suggested 
that the size, shape, laminations, radial striations and color of 
calculi are primarily determined by the nmcoprotein matrix (Boyce 
et al. , 1958; Boyce an::l King, 1959). This matrix is formed by 
aggregation arrl molecular orientation of uromucoid. The mechanism of 
this molecular orientation is unknown but is intimately associated with 
binding of calcium, phosphate and water (hydroxyl) ions. Therefore, 
they concluded that the organic matrix material is a prerequisite to 
concretion formation, and crystal deposition is a secondary phenomenon. 
On the other hand, Finlayson et al. (1961) have suggested that stones 
form by coprecipitation of conjugated proteins and inorg�nic salts. 
When precipitation occurs in urine, protein is invariably carried down 
with the precipitate as a co-precipitate. They considered stone 
formation to. be an ex-solution of stone salt plus matrix plus time for 
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growth of incipient stone .  Therefore, the amount of matrix deposited 
in a stone would depend on the concentration of the co-precipitable 
material and the affinity of the material for stone crystals • .  
Cornelius et al. (1965) arrl Packett and Coburn (1965) have suggested 
that the bulk of urinary mucoprotein in mannnals originates from renal 
biosynthesis rather than from the serum. 
Several workers have shown that urinary mucoprotein values are 
elevated in animals fed calculi-provold.ng diets (Packett and Coburn, 
1965 ; Udall et al. , 1958 ; Sulkin am· Boyce, 19.56 ; Cornelius et al. , 
1959 ; Boyce et al. , 1954 ; Cornelius and Moulton, 1960 ) .  Bailey (1968) 
has also reported that the concentration of nonclialysable urinary 
solids was much greater in cows fed_ prairie hay, which predispos es to 
silica urolithiasis, than in cows fed al.fal.fa hay. However, only two -
animals were used in this experiment, arrl calculi were not actually 
formed. Other reports, principally thos e by Fried and Vermeulen ( 1964),  
Packett and Coburn (1965 ) and Vermeulen et al. (196.5) ,  point out that · 
norrlialyzable organic constituents of urine probably play only a 
s econ:iary role in urinary calculi formation , arrl that stone formation 
is fundamentally a process of crystallization rather than mineraliza-
- tion of an organic matrix. 
Diethylstilbestrol has als o  been implicated as a cause of urinary 
calculi. Early work has shown that this estrogenic hormone, which is 
largely used to increase weight gains in feedlot cattle arrl lambs, 
will increas e the incidence of stone formation (Bell et al. , 1954 ; 
Wilkins on et al. , 1955 ; Ifarsh, 1961 ; Udall an:l Jens en, · 1958 ; Udall 
et al. , 1965) .  .Wi_th the us e of diethylstilbestrol, hyperplasia of 
the prostate arrl/or other accessory sex organs could well contribute 
to mucoid secretions arrl a diminished size of the urethral lumen 
ma.ld.ng . -an animal more prone to calculi formation. In most of these 
reports diethylstilbestrol was implanted in wethers at the rate of . 
15-30 mg. These are much higher levels than those now recommerrled 
( 3  mg. as an implant or 2 mg. daily in the feed) • .  An increase in 
12 
obstructive urolithiasis in lambs without any increase in nonobstruc­
tive cases was reported by Udall arrl Jensen (1958 ) to accompany the 
use of 30 mg.· diethylstilbestrol implants. . Emerick and Embry (1964) 
have reported that diethylstilbestrol added at currently recommen::led. 
levels , 3 mg. implant or 2 mg. per lamb daily in the diet , has no 
influence on the incidence of calculi. McDonald artl &3.dings (1957) 
reported. that oral administration of low levels of diethylstilbestrol 
reduced urinary calculi development in male rats. 
Feeding 22 mg. of chlortetracycline per kg. of diet to sheep 
reduced the incidence of phosphatic urinary calculi (Packett et al. , 
19.58), They postulated that the antibiotic ten::led to reduce minor 
kidney infections , thus reducing potential nuclei for calculi forma­
tion , arrl/or it might reduce bacterial urease production . in the kidney , 
thereby preventing a calculogenic increase in urinary pH. 
Several workers (Bassett et al. , 1946; Higgins , 1933, 1951 ; Schmidt , 
1941 ; Eveleth , et al. , 1948 ; Cordonnier and Hiller , 1951) have implica­
ted vitamin A deficiency as a cause of urinary calculi. An increase 
in susceptibility to infections arrl changes in epithelial tissue , 
inqluding the lining of the urinary tract , during periods of a vitamin 
A deficiency .provide a basis for this. However, experiments designed . 
. .  
to determine if vitamin A deficiency is a specific causative factor , 
have largely yielded negative results (�ind.lay et al·, , 1953 ;  Beeson 
et al, ,  1943 ; Whiting et al , ,  1958 ; Swingle and Earsh, 1956 ; T�ysom 
et al . ,  1951) , 
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Losses from urinary calculi generally involve only male or 
castrated male animals. However , Emerick and Embry (1964) and Udall 
(1959) have shown that while no losses occurred in ewes from urinary 
tract blockage, several were fourrl to have urinary calculi at slaughter , 
Overall , there was no significant difference between ewes arrl wethers 
in percent incidence of urinary calculi found at time of slaughter. 
On the other han:::l, only the females of the white Wistar rat strain 
developed calculi , arrl this was believed to be due to differences in 
estrogen levels (Cousins and Geary, 1966).  Deferred castration has 
also been shown to lower the incidence of calculi in cattle due to a 
slightly larger urethra diameter (Marsh and Safford , 1956). 
A dietary vitamin B
6 
deficiency has been shown to increase the· 
incidence of calcium oxalate calculi in rats (Gershoff et al , ,  195 9 ;  
A n:lrus  et al . ,  1960 ; Gershoff a nd  Andrus , 196l ; _ Faragalla a rrl  Gershoff, 
1963). Occurrence of this type of calculi, resulting from a vitamin 
B6 deficiency, was shown to be reduced by feeding high levels of 
magnesium. Oxalate calculi are generally encountered in rats, cats 
and humans and are not a problem in large farm animals. 
Phosphatic urinary calculi. 
The type of calculi that will be discussed in detail is the 
phosphatic type , this being the type studied in sheep ; as reported 
herein , Yet, s.everal other types of calculi exist in both humans 
2 3 7 3 3 r SO TH DAKOT STATE U 
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arrl/or other animals . These types include calculi composed principally 
of silica , oxalate , uric acid , urates , citrates , xanthine , cystine , 
fibrin or cholesterol. Some aspects of certain of these types of 
calculi were discussed in previous sections . 
The development of urinary calculi composed principally of 
phosphates is a problem most often associated with sheep an:l cattle 
in the feedlot as opposed to the silicious calculi that commonly devel­
op in animals maintained under -range con:iitions . The phosphatic type 
of calculi , also known as struvite (magnesium ammonium phosphate )  and 
apatite (basic calcium phosphate ) ,  is composed of the mineral compo­
nents plus an organic matrix (Romanowski, 1965 ) , The s olubility of 
calcium phosphate in aqueous solutions is markedly reduced by a rise 
in pH and apatite will not crystallize from urine below a pH of about 
6. 6 an:i struvite will not crystallize below a pH _of 7 .1 (Elliot , 1968 ) .  
As early as 19.5l, high dietary phosphor11:5 supplementation was 
recognized to caus e a high incidence of calculi (Tays om et al. , 1951 ; 
Schneider et al . ,  1952 ) ,  Haag and Palmer (1928 ) found phosphatic 
calculi in rats receiving diets low in calcium carbonate an:l high in 
magnesium carbonate arrl phosphoric _acid , but they pointed to high 
magnesium as the causative factor . Renal damage arrl calcification in 
rats has also been observed following the ingestion of a diet 
containing an excess of inorganic phosphate (Ma.cKay arrl Oliver , 1935 ) . 
It has been well documented by many workers (Lin:lley _et al , , 1953 ; 
Emerick et al . , 1959;  Emerick am Embry, 1963 ; Packett and Hauschild , 
1964; Robbins et al . , 196.Sa ; Bushman et al . , 196.Sa , b ) that high 
dietary phosphorus , with consequently high urinary phosphorus levels , 
is one of the principal causative factors in phosphatic urinary 
calculi formation. The feeding of various phosphates, monosodium 
phosphate, �isodiu.m phosphate or sodium tripolyphosphate, but not 
dicalcium phosphate, has been shown to promote calculi formation 
(Bushman et al. , 1965a) .  However, phosphoric acid fed un::ier corxii­
tions that result in an acidic urine does not necessarily contribute 
to calculi formation (El.am et al., 1956; Crookshank et al. , 196o ). 
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Feeding a pelleted diet (0. 18% calcium an:i o. 71i phosphorus), with 
a high ratio of concentrate to roughage (4:1) arrl containing 2. 5% of 
dipotassium phosphate, consistently produced a high incidence of 
urolithiasis in yearling wethers (Cornelius et al. , 1959) , Pelleting 
a ,known calculogenic diet has increased the incidence of calculi in 
wether lambs, This increase in calculi appeared to occur in response 
to higher urine phosphorus levels (Crookshank et al, , 1965 ; Packett 
et al. , 19,58). Slinger et al. (1966) has shown that pelleting enhances 
the availability of plan� phosphorus for chicks. 
Additional dietary calcium has been shown to depress the incidence 
of phosphatic urinary calculi, but generally it has not completely 
prevented the problem (Emerick arrl Embry, 1963 ; Robbins tl al. , 1965a; 
Bushman et al. , 1965a, b ;  Packett et al. , 1968). This reduction in 
calculi incidence is probably caused by the precipitation of calcium 
phosphates in the G. I. tract, thus less phosphorus is available for 
absorbtion an:i subsequent urinary excretion (Gill et al., .1959). 
'' Therefore, in addition to the absolute amount of ·dietary phosphorus 
present, the dietary calcium to phosphorus ratio is of importance in 
determining whether stones will form. With a l, 3-2, 9 : l  · dietary 
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calcium to phosphorus ratio no calculi developed in lambs, but a 
31-73% calculi incidence occurred when the ratio was 0.5-0. 7:1 
(Emerick and. Embry, 1963) .  Robbins et al . (1965a) also reported that 
the occurrence of phosphatic urolithiasis in lambs tend.ed to increase 
as the ratio of calcium to phosphorus decreased.
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With a 5 : 1  ratio 
there was a low incidence of calculi, but when the ratio was changed 
to 0.3:1, calculi incidence was greatly increased. Studies by 
Bushman et al. (196.5b) have shown that the optimal calcium to 
phosphorus ratio appeared to be 2 : 1  or greater with a 0. 55% dietary 
phosphorus level. 
Magnesium has also been implicated in urinary calculi formation 
( Crookshank et al. , 1967 ; Packett et al. , 1968) • Crookshank et al. 
(1967) postulated that the development of phosphatic urolithiasis may 
be associated with renal retention of magnes ium.. However, Bushman 
et al. (196.5b) found. increased magnesium retention to be a normal 
response to increases in  serum phosphorus levels . While both serum 
arrl urine magnesium levels have been foun:l to be relatively high in 
lambs predisposed to calculi (Kunkel et al . ,  1961; Packett arrl 
Hauschild, 1964; Packett et al. , 1968) , Bushman et al. (196.5b) foun::l 
supplemental dietary magnesium to offer some degree of protection. 
• I 
They (Bushman et al. , 1965b) concluded that although dietary magnesium 
was more effective than an equal amount of calcium in reducing urinary 
phosphorus, it was no more effective in reducing the incidence of · 
urolithiasis. 
Various salts have been used to provide protection. against calculi 
formation. Die�ary ammonium chloride , as reported under the heading 
"urine pH", lowers the incidence of urinary calculi. In addition, 
other ammonium compounds including ammorp.u.m sulfate a.rd a. commercial 
preparation of an ammonium polyphosphate solution offer_ some protec­
tion (Crookshank , 1969) . However , the feeding of diammonium 
phosphate produced a nonsignificant increase in the incidence of ' 
calculi. 
The addition of potassium chloride to the diet has yielded con­
flicting results. Crookshank (1966) reported 1% potassium chloride 
to be protective against calculi forrnatio.n arrl concluded that 
potassium salts offered more protection than corresporrling sodium 
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. salts. However , Bushman et ai. (1968) reported that 1% potassium 
chloride added to a. high phosphorus -calculogenic sheep diet increased . 
the incidence of urinary calculi and depressed weight gains. Recently, 
Lamprecht et al. (1969a) have postulated that potassium has a curvi­
linear effect on the incidence of calculi. 
I .  OVINE PHOSPHATIC UROLITHIASIS AS RELATED TO THE PHOSPHORUS 
AND CALCIUM CONTENTS AND ACID-BASE-FORMING EFFEC'I'S OF 
ALL-CONCENrRATE DIETS 
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A high urinary phosphorus level has been previously delineated as 
an important measurable factor contributing to the formation of 
phosphatic urinary calculi (Emerick et al. , 1959 ; Packett and Haus­
child, 1964; Robbins et al. , 1965a ; Bushman et al. , 1965a, b), The 
addition of elevated levels of calcium to high-phosphorus, calculogenic 
diets has been shown to . lower serum arrl urine phosphorus concentrations 
and reduce the incidence of phosphatic urolithiasis in lambs (Emerick 
and Embry, 1963, 1964 ; Bushman et al. , 1965a, b). Whether calculi may 
result from feeding calcium at levels that are low in relation to 
phosphorus when phosphorus approximates recommended levels (N.R. c. , 
1964) has not been determined. 
Phosphatic urinary calculi are generally recognized to uri:lergo most 
rapid formation in an alkaline urine, arrl the feeding of acid-forming 
salts : including ammonium chloride and. calcium chloride has been 
utilized for urinary calculi prevention ( Crookshank et al. , 196o ; 
Bushman et al. , 1967, 1968). Seve;t'al studies (ilise et al. , 1961, 1965; 
Nicholson et al. , 1963 ; 01 tjen et al. , 1965) cond.ucted with cattle 
have involved feeding alkaline buffers, _presumably to increase feed 
consumption arrl/or utilization of high- or all-concentrate diets. 
While kidney lesions have been reported in some instances · (Nicholson 
and Cunningham, 1961 ; Nicholson tl al. , 1962) , little attention appears 
to ·have been given to the potential calcul?geni.c effects of these diets. 
The research ·des�ribed herein was corrlucted to �etermine the relative 
importance of low dietary calcium , elevated dietary phosphorus an:i 
alkali-forming effects of the diet to urinary calculi formation in 
lambs fed an all-concentrate diet. 
Experimental 
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This experiment utilized 24o crossbred wether lambs averaging 28,1 
kg. and was conducted over a 101-day period during the sunnner. The 
experimental design was a 2 x 2 x 2 factorial involving two levels of 
sodium bicarbonate (0 arrl 2%) , two levels of calcium ( 0. 14 and 0. 28%) 
ani two levels of phosphorus (0. 28 arrl 0. 55%) . The eight treatments 
were replicated three times with 10 lambs per lot, initially. The 
lambs were allotted on the basi·s of weight. Prior to being placed on 
experiment, the lambs were vaccinat�d for prevention of enterotoxemia, 
drenched with thiaberrlazole a:rrl implanted with 3 mg .  diethylstilbestrol. 
This level of diethylstilbestrol has been shown to be without effect 
on urolithiasis in previous studies (Emerick arrl. Embry, 1964) . 
The experimental diets (table 1) consisted principally of ground 
shelled corn a:rrl soybean meal, and contained an average of l2. 9� crude 
protein (N x 6. 25) and 0. 13% magnesium by analysis. During a preex­
perimental period of 2 weeks, the lambs were fed chopped alfalfa hay 
ad libitum and. 0, 23 kg. of grourrl shelled corn per lamb daily. At . the 
start of the experiment, they were fed 0 , 23 kg. of the experimental 
diets plus o .46 kg ,  of chopped �lfalfa hay daily arrl were converted to 
a full feed of the all-concentrate experimental diets over a 10-day 
period. Thereafter, _they were fed once daily in· amounts so feed would 
be - available at all times with water being given ad libitum. 
For mineral �nalysis , feed samples were treated with concentrated 
Calcium, %b 
. 
'fi
b Phosphorus , 
· Ground shelled corn, % 
Soybean meal
0
, % 
Trace mineral salt , % 
Gromrl limestone , % 
Disodium phosphate
d
, % 
Sodium bicarbonate , % 
Vita.min Ae 
· 
a 
Air-dry basis , 
TABLE 1 .  
0 . 14 
0 , 28 
89. 23 
10 .00 
0 . 50 
0 . 27 
-
-
+ 
II\TGREDIENI' COMPOSITION OF DIETS - Ia. 
Control s eries 2� Sodium bicarbonate s eries 
0 . 28 0 .14 0 . 28 0 , 14 0, 28 0 , 14 0 . 28 
0 . 28 0 . 55 0.55 0 . 28 0 . 28 0 . 55 0 . 55 
88 .8� 87, 85 87. 46 87 . 23 86,84 85,85 85, 46 
10 . 00 10 . 00 10 . 00 10 . 00 10 . 00 10 . 00 10 . 00 
0 . 50 0 . 50 0 • .50 0 • .50 0 . 50 0 • .50 0 • .50 
o , 66 0 . 27 o . 66 0 . 27 o . 66 0 . 27 o . 66 
- 1 . 38  
I 1. 38  - - 1. 38 1 . 38  
- - - 2 . 00 2 . 00 2 . 00 . 2 . 00 
+ + + + + + + 
b Calcium. am phosphorus values are based on analyzed values for the basal diet (0 ,14% Ca arrl 
0 ,28% P) with adjustments being ma.de in groun:i limestone an:i disodium phosphate to obtain the higher 
l_evel of each . 
c 44% crude protein, 
d Anhydrous Na2HP04_ 
furnished by Stauff�r Chemical Co . ,  Victor Chemical Division, New York, N. Y. 
e Vitamin A ,  2200 I . U .  per kg .  of diet . l\) 
0 
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nitric acid prior to being ashed at 600
° c. in a muffle furnace. 
Analyses were performed. on the acid-sol�ble ash. Calcium arrl magnesium 
were determined by atomic absorption spectroscopy in the presence of 
0.5% (w/v) lanthanum. Phosphorus was determined. by the A.O.A.C. (1965) 
method. 
A blood sample was obtained by jugular vein puncture from each 
lamb after 21 days on experiment , and the serum was stored frozen until 
analyzed. A 24-hour urine sample collected under toluene was obtained 
from one lamb per lot daily until samples had been obtained from all 
lambs surviving at the time collections were ma.de. These collections 
were made in steel metabolism cages during the period 41-59 days after 
initiation of the experiment. An additional blood sample was obtained. 
from each lamb at the time they were placed in the metabolism cages. 
Serum am urine calcium arrl magnesium were determined by atomic absorp­
tion spectroscopy in the presence of 0 . 5% lanthanum, arrl serum arrl 
urine phosphorus were determined by the method of Fis ke arrl Subbarow 
(Hawk et al., 1954). 
The pH values of the 24-hour urine collections were determined 
· using a Beckman Zeromatic pH meter. The volume of the urine was 
_recorded, concentrated hydrochloric acid was added at the rate of 2% 
. (v/v) and the acidified urine was filter� through multiple layers of 
cheese cloth. An aliquot was stored frozen for later inorganic 
analyses. Another sample (10 ml.) was immediately placed in 1.6 cm. 
dialysis tubing and dialyzed at 7
° 
C. for 5 days �gainst a continuous 
change of deionized water. After dialysis , _  the solutions were made 
slightly alkaline w;i.th 3N sodium hydroxide atrl w�re stored frozen until 
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analyzed , For analysis, the samples were thawed, clarified by centrif­
ugation, and. protein was determined by t�e Folin-Ciocalteu method 
(Layne, 1957) arrl hexose by the anthrone reaction method of Tuller and 
Keiding (1954) , Hexosamine was determined by the method of Rorrlle arrl 
Morgan (1955) following hydrolysis with 4N hydrochloric acid in a 
boiling water bath for 4 hours , 
Lambs developing urinary tract blockage were slaughtered during 
the course of the experiment. Those remaining were slaughtered after 
101 days on experiment, and the bladders arrl kidneys of all lambs were 
examined for calculi , All calculi were characterized according to type. 
Average daily gain arrl. feed consumption data were calculated only 
for those lambs finishing the experiment , Feed consumption data were 
corrected for death losses by subtracting an average value up to that . · 
time , 
Statistical analysis of urinary calculi incidence was made by the 
Chi-square method with all other data being analyzed by the least 
squares method (Steel and Torrie, 196o). 
Results and Discussion 
Data from this experiment are presented in table 2 , . No apparent 
problems were encountered in getting the lambs to consume the all- . 
concentrate diets. However, maximum consumption was not attained until 
after 3 weeks. Average daily feed consumption for all treatments was 
in the range of 1 .  06 to 1. 13 kg. per lamb with an average daily gain 
of 0.211 kg. 
In a comparison of lambs fed the two level.s of calcium ( O ,  14 E• 
0 ,28%) ,  those receiving the higher le�el made slightly. higher (P < , 1) 
i 
• 
TJJ3Lr: 2 .  EFFecT OF DIETARY MINERAL VARIATIONS ON PERFOfillA�E , BIOOD 
_AND URINE COMPOSITION AND URINARY CALCULI · INCIDENCE - I
8 
Control series 
Calcium, � 0.14 0 .28 0 .14 
Phosphorus , '/, 0.28 0 .28 0 .55 
No. ot lambsb 30 29 28 
0 .28 
0 . 55 
27 
2� Sodium bicarbonate 
0. 14 0 . 28 0 . 14 
0 .28 0 . 28 0 . 55 
JO 30 29 
2J 
s eries 
0.28 
0 . 55 
29 
Av. daily gain, kg. 0 . 211 0 .226 0 .195 0 .206 · 0 . 217 0 . 225 0 .204 0. 204 
Av. daily ration, kg .  
lg. teed per M• gain 
Carcass grade 
Sel"UJll values , mg. /100 ml . 
21 days 
ef 
Calcium 
1'!agnesiUJ11 
Phosphorusg 
41-59 days 
Calci� 
1-!a�nesium 
Phosphorusg 
Urine 
�
ta 
'P· 
Volume , rril. /24 hr. 
1.12 
5 . 32  
11. 5  
10.1  
3.0  
7.8 
9.8 
4.o 
8 .6  
7. 8 
574 
Inorganic p-lues , � . /100 ml. 
Calciu.111 . 3. 3 . 
i eg r' r-.a?.nes um f o · fhosnhorus 19 
1 .16 
5.16 
11. 9 
10. 0  
2 . 9 
7. 6  
10.2  
3. 7 
a .o  
7.8  
610 
3. 5 
9J 
J4 
Norxiialyzable organic values , mc�. /ml .  
t"'rotein 644 ?09 
�exose 123 129 
�!exosa!l'line 137 146 
Urinary calculi incidence ,  ; 10 .  of  ani!".als 
t 
Obst:Ycti•re 0 0 
Total J 4 1 
1.08 
5 . 58  
11 .1  
9. 6  
2 . 7 
B. ? 
8 . 8  
3 . 7 
9. 8  
?. 8 
859 
1 . 8  
39 
93 
440 
87 
97 
J 
24 
1.15 1 . 16 1 .18 1 .06 
5. 56 5. 37 5 . 24 5.25 
11.2  11 . J  11. 7  11.4  
9. 5  9. 6  9. 8  9. 2  
2 .8  2 . 9 2 . 9 2 .8  
8 . 5 8 . 7 8 .0  9.8  
9. 6  9. 9 10. 2  a . 7 
3. 7 J. 6  3 . 6  3 . 9 
9.1  8.0 7 .9  9.8 
7. 8  8.6  8. 5 8 . 3 
884 737 750 1017 
1.8 2 . 2  1 .8  1 .4  
41 56 48 29 
99 20 21 65 
512 543 436 376 
81 91 93 67 
96 104 110 81 
2 0 l 7 
23 16 19 27 
a 
Data obtained duriru;r a 101-day experimental perioi , June 1 - September 9. 
1.14 
5. 59 
n.a 
9.4  
2 . 9 
9. 2  
9. ? 
J.8 
9.2  
8 .2  
1046 
1 . 3 
26 
70 
372 
69 
85 
6 
24· 
b Ori�inall:v JO la!:lbs oer treat!1ent , but some were lost from causes apparently unrelated 
t.o treatJ'llent. 
c 
Choice = 11 , ?riree = 14. 
d 
Calcium effect was si�nificant (? < . 05) . 
8 Sodiu.� bicarbonate effect was siP-nificant (P < .05) . 
f 
.?hos��orus effect was si�nificant (P < . 01 ) .  
P. f·bosphorus effect was si!'!ni:ficant ( ?  < . 05 ) . 
!-1 SodiUl'l bicarbonate P.ffect was sie:nificant (P < . 01 ) . 
1 
Includes losses due to urinary obstruction arxi animals fourrl to have urinary mineral 
deposits at sla�hter . 
·1 Phosphorus arxi sodium bicarbonate e.f.fect were significant (P < . 005) . 
average daily gains (0 .207 �• 0 .215 kg . ) ,  and had small but signif� 
icant (P < . 05 )  increases in carcass gr�des . Water available to the 
lambs provided calcium equivalent to 0 . 02 to 0 . 03% of the diet . Even 
with the additional calcium provided by the water , the lower level of 
calcium intake was below the 0 . 18 to 0 .23% calcium indicated by the 
N . R.G . (1964) to be required by lambs in the 27 to 45 kg . category. 
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In a comparison between phosphorus levels, the higher level (0 . 55%) 
appeared to reduce weight gains and feed consumption , but the differ­
ences were not significant . The feeding of a similar level of dietary 
phosphorus to lambs was reported by Bushman et al. (1965b) to signifi­
cantly depress weight gains . Sodium bicarbonate had no apparent effect 
on feed consumption or weight gain . � 
Inc·reasing the phosphorus level from 0 .28 to 0 . 55% or including 
2% of sodium bicarbonate in the diet resulted in significant ( P  < . 005) 
increases in the incidence of urinary calculi . 'While levels of ·calcium 
above 0 . 3% have been shown to provide some protection against the 
calculogenic effects of high-phosphorus diets (Emerick and Embry , 1963 ; 
Bushman et al . ,  1965a) , reducing the calcium level from 0 .28 to 0 . 14% 
in the current trial resulted in no increase in calculi . 
Combining data from groups of lambs fed the two calcium levels , 
those fed 0 .28% phosphorus without sodium bicarbonate had an average 
calculi incidence of only 8·%. All cases in this instance involved non­
obstructive calculi disclosed at the time of slaughter . In corresporrl­
ing low-phosphorus groups· fed 2i sodium bicarbonate, a 58% average 
·calculi incidence was observed with only one obstructive case occurring 
du.ring the cours� of the experiment.  Lambs fed the higher level of  
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phosphorus (0.5.5%) without sodium bicarbonate had a total calculi 
incidence of 8.5%. Obstructive cases alone accounted for only a 9% 
incidence. The high incidence of calculi attributed to feeding 0. 55% 
phosphorus tended to preclude a further increase for the corresporrling 
groups fed. sodium bicarbonate where an 885i total incidence was observed. 
However , the incidence of obstructive cases rose to 22% in this in­
stance. The higher incidence of obstructive urinary calculi in lambs 
fed sodium bicarbonate was undoubtedly related to the larger size or 
the individual deposits _in these lambs. Urinary mineral deposits . 
recovered averaged 102 and J4 mg. from lambs fed diets with an:i with­
out sodium bicarbonate , respectively. In all instances the calculi 
were the phosphatic type atrl contai11ed. both calcium arrl magnesium. 
Higher serum (P < . 05) and urine (P < .01) phosphorus concentra­
tions and· a larger (P < .01) 24-hour excretion of urinary phosphorus 
were associated with the feeding of the higher level of phosphorus. 
These lambs also had lower serum ·calcium concentrations after 21 
(P < .01) and 41-.59 (P < .05) days, respectively. This was associated 
with a lower (P < . Ol) urinary- calcium concentration a.rxi a sodium 
bicarbonate x phosphorus interaction (P < .01) for urinary calcium 
values. However, due to differences in urine volume, the effect of 
dietary phosphorus in reducing urinary calcium excretion was less 
apparent in the 24-hour excretion values. Bushman et al. (196?) have - -
previously concluded that variations in urinary calcium excretion 
appear to play no major role in phosphatic urinary calculi formation. 
· Lambs fed diets with 2% sodium bicarbonate had lower (P < .05) 
serum calcium values than correspon::ling non-bicarbonate treatment 
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groups at 21 days, but not at the later sampling period. However, one 
of the more obvious effects of sodium bicarbonate feeding was an alka­
linization of the urine, average· urine pH values being 8 .4 ard 7.8 
(P < . 01)  for lambs with and without sodium bicarbonate , respectively. 
For all groups, average pH of the urine greatly exceeded the values of 
6. 6 to 6, 8 above which magnesium an:i calcium phosphates have been shown 
to precipitate from urine (Elliot et al. , 1961 ; Carbone, 1965) , 
When compared with lambs fed the higher calcium level, those fed 
0 .14% calcium had lower (P < .1) serum calcium values at the 41-59 day 
sampling period. This effect appeared to be the result of a decline in 
serum calcium during the course of the experiment for these lambs , this 
being further evidence of the inadequacy of the 0, 14% calcium level 
used in this study, There was no apparent effect of variations in 
dietary calcium on serum phosphorus concentrations. However , feeding 
the higher level of calcium resulted in a larger (P < . 05 )  24-hour 
excretion of phosphorus via the urine. The effect of the higher calci­
um level on phosphorus excretion, in this instance, is opposite the 
effect previously demonstrated with levels of calcium above those 
required for optimum performance (Bushman et al. , 1965b),  arrl is 
possibly due largely to the greater feed intake ani slightly larger 
urine volume associated with the higher calcium treatments. 
Average urinary phosphorus concentrations observed for groups of 
_lambs fed the lower level of phosphorus were in the range of 19 to 34 
mg, per 100 ml.,  and corresponding values for those fed the higher 
phosphorus levels were 65 to 99 mg, per 100 ml, These values obtained 
with lambs fed an all-concentrate diet are notably higher than those 
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observed in some previous studies (Bushman et al, , 1965a, b ,  
1967 , 1968) ,  where roughage was incorporated into diets with similar 
levels of phosphorus . further, the incidence of urinary calculi (av. , 
85%) associated with use of the 0,55% phosphorus diet , as reported 
herein, is higher. than the approximate 50% incidence observed with 
lambs fed similar phosphorus arrl calcium levels in the studies 
previously cited. 
Serum magnesium values for samples collected at either 21 or 41-59 
days were not influenced by any of the treatments, but they averaged 
about 0 , 9 mg .  per 100 ml .  higher for the secorrl set of samples . Urine 
magnesium concentration was significantly (P < ,05) decreased by the 
higher level of dietary phosphorus or by including sodium bicarbonate 
in the diet . In both instances, the lower concentration of magnesium 
appeared to be due to larger urine volumes . The total amounts of mag­
nesium excreted in 24 hours did not _differ between treatments . 
The total amounts of various norrlialyzable urinary constituents, 
including protein, hexose and hexosamine, were relatively constant for 
lambs on all treatments . However, concentrations of some of these 
appeared to be inversely related to urine volume which was increased 
by the higher level of calcium (P < . 05) arrl phosphorus (P < , 1) ar:d 
tended to be increased by sodium bicarbonate (nonsignificant) . An 
exception is the slightly but significantly (P < . 05) higher total 
_urinary excretion of nond.ialyzable hexose that accompanied the feeding 
of the higher level of calcium. Because of the inverse relationship 
with urine volume, concentrations of these organic urinary constituents 
tended to be lowest in groups having the highest incidence of urinary 
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calculi. Although similar organic fractions are normally found in 
urine and in matrices of urinary calculi (Cornelius, _ 1963), no conclu­
sive evidence has been reported showing a diet to be calculogenic by 
virtue of its influence on excretion of these materials. The observa­
tion reported above, that concentrations of nondialyzable organic 
constituents terrled to be lowest in groups of lambs having the. highest 
incidence of urinary calculi, supports the conclusion reached previous­
ly (Packett and Coburn, 1965 ; Vermeulen et al. , 1965) that these 
materials probably play_ only a secondary role in urinary calculi forma­
tion. Finlayson et al, (1961) have aptly proposed co-precipitation as 
the method for incorporation of urinary proteins into calculi, 
The most important , if not the only , calculogenic urinary deviations 
associated with the feeding of sodium bicarbonate or elevated levels of 
dietary phosphorus to lambs in this experiment appear to be an increase 
in urine alkalinity by the former a__nd an increase in urinary phosphorus 
concentrations by the - latter. While either condition appeared to pro� 
mote phosphatic urinary calculi urrler the conditions described herein, 
Bushman et al , (1967, 1968) have shown that the _calculogenic effect of 
high urinary phosphorus concentrations in sheep can be overcome by.the 
feeding of acid-forming salts producing relatively small decreases in 
pH of the urine. This may irrlicate an interdependence between these 
two factors, i. e. urinary phosphorus concentrations arrl urine alkalin­
ity, in the formation of phosphatic urinary calculi. However , mininru.m 
urinary phosphorus concentrations required for the formation of phos­
phatic urinary calculi in . lambs fed diets having various acid-, alkali­
forming capacities have not been defined. High urinary phosphorus 
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levels , whether promoted by high dietary phosphorus levels or by 
factors increasing phosphorus availability , and alkali-forming effects 
of the diet continue to be the most important factors elucidated. thus 
far as causes of phosphatic urinary calculi. 
Summary 
A 2 x 2 x 2 factorially designed experiment utilizing 24o wether 
lambs was conducted to determine the relative importance of a subopti­
mum level of calciurn, an elevated level of dietary phosphorus arrl. an 
alkali-forming effect of the diet in promoting phosphatic urinary 
calculi. Treatment variables incorporated into an all-concentrate , 
corn-soybean meal diet included 0.28 an:i 0 . 55% phosphorus , 0.14 and 
0. 28% calcium and O arrl 2i sodium bicarbonate. 
With a level of phosphorus (0.28%) that is only slightly in excess 
of requirements , a low calcium to phosphorus ratio (0. 5-1:1) did not 
promote urinary calculi. Variations in phosphorus or sodium bicarbon­
ate did not significantly affect feed consumption or weight gains , but 
the higher level of each gave a high incidence of urinary calculi. 
With the feeding of low (0.28�) arrl high (0.55%) levels of phosphorus 
without sodium bicarbonate , 8 and 85%, respectively , of the lambs 
developed urinary calculi. With the inclusion of sodium bicarbonate 
in the diet , 58 and 88% of lambs in corresporrling groups were 
afflicted. 
The calculogenic variables , including sodium bicarbonate and an 
increase in dietary phosphorus , had the principal effects of increasing 
urine alkalinity by the former arrl serum arrl urinary phosphorus concen­
trations by the latter. Lambs on the calculogenic treatments showed 
no increase in non:iia.lyzable urinary constituents including protei'n, 
hexose and hexosamine .  
JO 
II . INFLUENCE OF VARIATIONS IN CALCIUM SOURCE , PHOSPHORUS LEVEL AND 
ACID-BASE-FORMING EFFECTS OF THE DIET ON FEEDLOT PERFORMANCE 
AND URINARY CALCULI FORMATION IN LAMB.c; 
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A previous study (Experiment I) has shown that sodium bicarbonate 
added to an all-concentrate diet promotes phosphatic urinary calculi. 
It has also been well documented that an elevated dietary phosphorus 
intake results in a concomitant increase in urinary phosphorus excre­
tion and urinary calculi formation (Elam et al., 1956 ; Emerick et al., 
1959 ; Bushman et al., 1965a, b ;  Robbins et al., 1965a).  On the other 
hard, calcium carbonate, calcium chloride ani ammonium chloride have 
been successfully used to reduce the incidence of phosphatic urinary 
calculi (Bushman et al., 1967, 1968 ). These workers have shown that 
calcium chloride gives more protection against calculi formation than 
is provided by calcium carbonate. Calcium carbonate is believed to 
exert its effect through a reduction in urinary phosphorus excretion • . 
The effect of calcium chloride in reducing phosphatic urolithiasis 
appears to be due, in part, to a reduction in urine pH. 
This experiment was conducted to compare the effects of calcium 
carbonate (ground limestone) an:i calcium chloride on feedlot performance 
arrl phosphatic u.rolithiasis in lambs fed diets contributing to elevated 
urinary phosphorus concentrations arrl./or urine alkalinity. 
Ex:perimental 
An experiment utilizing 36o Texas lambs of mixed breeding was 
corxlucted du.ring the summer months over a period of 87 days. The lambs, 
averaging 30 , 5  kg., were randomly allotted according to weight to 36 
p�ns with six wethers and. four ewes per pen. Each treatment was 
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replicated three times, During a 15-day preexperimental period, they 
were fed ground shelled corn arrl. corn silage in a ratio of 1 : 10 (as-fed 
basis).  During this period , the lambs were vaccinated for prevention 
of enterotoxemia , drenched with thiabendazole and implanted with 3 mg . 
diethylstilbestrol. At the start of the experiment , the experimental 
diets were substituted for the ground shelled corn and. were subse­
quently increased, with gradual elimination of the silage , to provide 
a full feed of the experimental diets within 5 days. After this time , 
the lambs were fed once daily in amounts so that feed was available at 
all times, Water was available ad libitum. 
The basal diet, presented in table 3, was shown by analysis to 
contain 12.0% protein (N  x 6.25) , 0.22% phosphorus, 0.31% calcium, 
0. 15% magnesium, 0.27% potassium arrl 0.21% sodium. The mineral vari­
ables comprising the experimental treatments are shown in table 4. 
The lower level of each mineral was- inherent in the basal diet , The 
higher level of phosphorus (0.47�) was achieved by adding 1 .15% diso­
dium phosph�te (anhydrous ) .  Ground. limestone (o. 64%) or calcium 
chloride (0.92%) was added to the basal diet to provide diets contain­
ing 0.56% calcium. In addition , ground limestone (1. 92%) was used to 
provide diets with 1.06% calcium, but calcium chloride was not used 
at the higher level because of possible palatability problems. All 
mineral additions were made at the expense of corn, 
After the lambs had been on the experimental diets for 26-27 days, 
a blood sample was obtained by jugular vein puncture . A blood sample 
was also obtained after 84 days. Serum was collected am stored froze.n 
until analyzed. 
TABLE J. COMPOSITION OF BASAL DIET -· IIa 
Ingredientb 
Ground shelled corn, cf, 
Grourrl alfalfa hay, % . 
Soybean meal , i
c 
Trace mineral salt , cf, 
Vitamin A, I. U . /kg.
d 
Chlortetracycline, rng. /kg. 8 
81. 5 
15. 0 
- J . O 
0.5 
1000 
22 
a Provides o. 22i phosphorus and o . J1% calcium. 
b A ·  d b . ir- ry asis, 
0 
44'/, crude protein. 
d Nopcay "30", Nopco Chemical Co. , Newark, N. J .  
e Aureomycin-50, American Cyanamid Co. , Agricultural Di vision ,  
Princeton ,  N. J. 
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TABLE 4. EFFECT OF DIETARY MINERAL VARIATIONS ON FEEDLOT PERFORMANCE AND CALCULI INCID�NCE - II& 
1t Sodium bicarbonate , '1,b -- -- -- -- -- -- -- -- 2 . 0  2 . 0  2 . 0  2 . 0  
Phosphorus , '1,b 0.22 0 .22 0 . 22 0 .22 o .47 o ,47 0 ,47 o .47 0 .22 0 . 22 0 . 22 0 .22 
Calcium, 1,b 0. 31 0 .56 1 .06 0 .56 0 . 31 0 .56 1.06 0 • .56 0 . 31 0 . 56 1 .06 0 . 56 
Calcium source -- CaCOJ CaCOJ CaC12 •2H20 -- CaCOJ Caco3 CaC12•2H2o -- CaCOJ CaCOJ CaC12 • 2H20 
No . of lambsc 30 JO 29 30 29 JO 28 JO JO 29 29 30 
Av. daily gain, kg.  0 ,2.58 0.256 0 . 287 o .26o 0.226 0 .257 0 .263 0 , 244 0 .262 0 . 275 0 . 264 0 . 265 
Av, daily diet , kg,  1. 34 1. 33 1 .42 1 . 35 1 .29 1.40 1 . 37 1 .29 1. 39 1.40 1 ,43 1. 39 
Kg . feed per kg. gain . 5 .22 5.22 4 ,95 5 .22 5 , 69 5 .46 5 .22 5 . 29 5 .30 5 ,08 5 ,43 5 . 24 
Dressing percent 48. J  49.4 49.4 49.2  49. 7  49.7  49. 6  47 . 5  48.8  49.8 49. 5  49,1  
d Carcass grade 11. 3  11.5  11 . 5  11 .1  11. 2  ll,5  11 .4  11.0  ll, J n .. 4 ll , 2  lL,O 
Uri�ry calculi incidence , No .• of animals 
Obstructive 0 0 0 1 l 5 2 0 0 0 0 0 
Totale 0 0 1 l 15 15 8 0 0 0 0 :i 
a Data obtained during an 87-day experimental period, June 13 - September 7 ,  
b Air-dry basis . 
c Originally 30· lambs per treatment, but some were lost from causes apparently unrelated to treatment. 
d Choice = 11 , Prime = 14. 
e Included losses due to urinary obstruction arrl animals f'oun:l to have mineral deposits at slaughter. 
'$-
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A 24-hr. urine sample was collected under toluene from two 
wethers per treatment per day until samples had been obtained from all 
lambs surviving ·at the time collections were mde.·· .. These collections 
were obtained in steel m�tabolism cages during the period 34-48 days 
after initiation of the experiment. 'rhe pH of the 24-hr. urine sample 
was determined using a Beckman Zeromatic pH meter. Titratable alka-
linity was measured by titrating a 25 ml. aliquot with 0.05 N 
hydrochloric acid to a pH of 6. 5. Concentrated hydrochloric acid was 
added to the remainder of the sample at the rate of 2% (v/v) . The 
acidified urine was filtered through multiple layers of cheese cloth , 
am an aliquot was stored frozen for later analyses. 
Serum, urine an:i feed mineral analyses were performed as described 
for Experiment I with the exception that serum, urine arrl feed potas­
sium an::l sodium were determined by atomic absorption spectrophotometry 
(Perkin-Elmer, 1968) using a Perkin-Elmer model 303 Atomic Absorption 
Spectrophotometer. 
Some lambs developing urinary tract blockage during the course of 
the experiment were slaughtered when death appeared irmninent. Those 
remaining after 87 days on experiment were slaughtered., arrl the 
bladders and kidneys of all lambs were examined for calculi. The 
calculi obtained were characterized according to type. 
Some lambs were also lost during the experiment due · to factors 
apparently unrelated to experimental treatments. Average daily gain 
arrl. feed consumption data were calculated only for those lambs finish­
ing the experiment. Feed consumption data were corrected for death 
losses by subtracting an average value up to that time. 
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Statistical analysis of urinary calculi incidence was made by the 
Chi-square method with all other data being analyzed by the orthogonal 
single degree of freedom comparison (Steel an:i Torrie, 196o ) . 
Results and Discussion 
Data. qbta.ined. from this experiment are shown in tables 4, 5 ar:rl 6. 
Average daily gain was significantly (P < . 01) reduced by increasing 
the level of dietary phosphorus from 0.22 to 0. 1+7% in the presence of 
0.31% calcium. The weight gain depressing effect of this level of 
phosphorus was almost completely overcome (P < . 01) by increasing 
dietary calcium. When fed a.t equal calcium �evels, no significant 
differences were observed between the two calcium sources on the basis 
of weight gains. However, calcium chloride tended to be less effective 
than ground limestone in overcoming the weight gain depressing effect 
of phosphorus. Increasing the calcium level to 1.·06% using ground 
limestone provi�ed. no further increase in weight gains except when fed 
in the absence of added phosphorus an:l sodium bicarbonate where a non­
significant . increase was observed. Other workers (Bushman et �l., 
1965b) , supported by data reported herein for Experiment I ,  have 
shown that additional dietary calcium is effective in partially over­
coming the weight gain d,epressiori associated with the feeding of diets 
containing approximately 0 . 5  to o . 6% phosphorus. However, weight gain 
benefits derived from the feeding of high levels of calcium in diets 
having a lower phosphorus content have generally been lacking. 
Although no significant differences in feed consumption were 
observed, these data followed the same trerrl as was observed for 
average daily gains. As reported previously in Experiment I, sod-ium 
TABLE 5. EFFECT OF DIETARY MINERAL VARIATION.S ON BLOOD MINERAL VALUES - II4 
Sodium bicarbonate , '1,b -- -- -- -- -- -- -- -- 2 .0  
Phosphorus , '1, 0 ,22 0.22 0 , 22 0 . 22 o.47 o .47 o .47 o .47 0 .22 
Calcium, %b 0 . 31 0 , 56 1 ,06 0 . 56 0 , 31 0 . 56 1.06 0 , 56 0. 31 
Calcium source -- Caco3 Caco3 CaCl2• 2H2o -- Caco3 CaCOJ eac12 • 2H2o --
Serwn values , rng, /100 ml, 
26 - 27 days 
Calcium ll,0 ll , 9  11 ,4  10 , 9· 9, 7 10 . 5 10 .4  10 .4  11. 0  
t!;a.gnesium 2 .8 . 2 ,9  2 , 6  2 . 7  3. 2  3,1 2 , 7  2 , 9  2 . 9  
Phosphorus 6.1 .5 . 6 5.7 6. 5 8 , 5 7 .9  7 . 6  7, 3 6.8 
· Potassium 20 .5  21. 3  21 . 1  21. 0  21 .0 20 .4 20 . 9  21, 5  20 . 7 
Sodium 331 341 328 339 336 351 333 344 334 
84 days 
Calcium 10. 2  10 , 7  11. 0  11.1 9.1  ·10 , 6  10 , 3  10 . 9 9.7 
Yi.agnesium 2 .8  2 .6  2 , 6  2 , 7  3 , 7  3. 2  2 . 8  2 .8  2 ,8  
Phosphorus 8, 4  7.0 7 ,6  7 . 9 9, 2 8 , 3  8 , 7  7, 9 7, 3 
Potassium 22 . 3  22 .2  22 , 3  21 , 7  21. 6  21 .8 21. 3 22 . 0  22 .4 
Sodium 352 351 349 342 350 345 346 344 36o 
4 Data obtained during an 87-da.y experimental period, June 13 - September 7, 
b Air-dry basis .  
2 . 0  2 , 0  
0 . 22 0 .22 
0 . 56 1 ,06 
Caco3 Caco3 
11 . 2  11. 0  
2 , 5  2 , 6  
6 .4 6, 9  
21.0  20 . 7  
335 349 
10. 9 10 ,8 
2 , 6  2.5 
7 . 7 8 ,1  
21 ,l  21.0 
34? 343 
2 . 0  
0 .22 
0. 56 
CaC12 • 2H2c 
u.8 
2 . 6  
6.o 
20 . 7 
356 
u.o 
2 .7  
7, 9 
23.0 
353 
\.,.) 
-..J 
TABLE 6.  EFFECT OF DU."'TARY MI NERAL  VARIATIONS O N  URINE DATA - IIa 
Sodium bicarbonate , '1,b 
Phosphorus , '1,b 
. b Calcium, '1, 
Calcium source 
pH 
Volume , ml. /24 hr. 
Titratable Alkalinityc 
--
0.22 
0 . 31 
--
8.4 
508 
'.33.4 
Mineral values , mg. /100 ml. 
Calcium 3. 8  
Magnesium 140 
Phosphorus 1.8 
Potassium 559 
Sodium 358 
-- --
0 .22 0 . 22 
0.56 1 .06 
Caco3 
Caco
3 
8 . 6  8 . 6  
502 .670 
54. 5  40. 9 
4.5 7.0 
137 99 
2 . 9 1. 2 
672 526 
544 367 
-- -- -- --
0.22 o .47 o .47 o .47 
0.56 0 . 31 0.56 1 .06 
CaC12•2H2o 
-- CaCO
J 
Caco3 
8 . J 8 . 6  8 . 4  8 . 6  
681 731 1049 886 
'.34.5 49.2 31. 9 55.2 
ll.4 1 .8  1 . 9 2 . 2  
93 82 40 73 
o .8  5.7 23. 6 4. 9 
528 277 323 '.369 
271 425 433 474 
a Data obtained during an 87-day experimental period, June 13 - September 7. 
b Air-dry basis . 
c �O.. of 0.05 K HCl to· titrate 25 ml. of urine to pH 6 ,5. 
-- 2 .0  
o .47 0 .22 
0 . 56 0 . 31 
CaC12 •2H20 
--
8 . 3  8 . 7  
920 7'13 
28 . 5 57.0 
4.5 2 . 2  
78 91 
12 . 7  1 . 1  
. 326 372 
442 572 
2 . 0  2 .0  2 . 0  
0 . 22 0 . 22 0 . 22 
0.56 1 .06 0.56 
CaC0
'.3 
CaC0
'.3 
CaC12
• 2H20 
8 . 7  8 . 7  8 . 6  
633 764 . 900 
66. 3  75. 4  48.4  
2 . 7. 3 . 1  3 . 2  
101 78 89 
3. 7  0 . 9  1 . 2  
479 443 417 
566 569 629 
� 
bicarbonate had no apparent effect on weight gains, feed consumption 
or �eed efficiency. Only small diff�rences between treatments were 
observed i� this experiment for dressing percent an:! carcass grade. 
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Only two cases of calculi were found at slaughter in the low 
phosphorus groups. All other cases of calculi occurred in lambs fed 
the high phosphorus level (significant, P < , 005) . All calculi formed 
in this ex:periment were of the phosphatic type containing both calcium 
arx:l magnesium phosphates. A 52% incidence of calculi occurred. in 
�ambs fed o . 47% phosphorus arxl 0, 31% calcium. The incidence did not 
differ greatly (50% incidence) when calcium, · supplied by ground lime­
stone, was increased to 0. 56%, but when the same level of calcium was 
furnished by calcium chloride there was complete prevention of urinary 
calculi. Partial protection was provided by the 1. 06% calcium level, 
supplied by ground limestone (incidence of 2% E• 52%) . Adding 2% 
sodium bicarbonate to a 15% alfalfa hay diet did not promote stone 
formation in this experiment. This differs from results obtained 
previously (Experiment I) using an all-concentrate diet. 
The elevated dietary phosphorus level (0. 47%) significantly 
increased (P < . 01) serum phosphorus arrl magnesium arrl lowered (P < . 01) 
serum calcium at both sampling periods (table 5), Serum calcium was 
increased for lambs fed the higher level of calcium, an:i was signifi­
cantly (P < , 01) higher than the controls at the 84-da.y· bleeding 
period, At this time, serum calcium values had a terrlency to be higher 
for lambs fed calcium chloride when compared with those fed grouni 
limestone. Increases in dietary calcium also resulted in lower 
{P < , 01) serum magnesium values at the 84-da.y sampling period with 
4o 
only a trend in this direction being apparent at the first (26-27 day) 
sampling. When fed with the low level of phosphorus (0.22%),  addition­
al calcium had no effect on serum phosphorus. However, when fed with 
the higher level (0. 47%) of pho9phorus, the elevated levels of both 
calcium - sources depressed (P < . 01) serum phosphorus at both sampling 
times . Neither serum potassium nor sodium at either sampling time 
were significantly affected by any of the levels of calcium, phosphorus 
or sodium bicarbonate. 
Urinary pH was significantly (P < .01) increased by feeding 2i 
sodium bicarbonate (table 6) . This small increase (av. = 0.2 pH units) 
did not promote urinary calculi. However, sodium bicarbonate was fed 
only with the lowest level of dietary phosphorus, am it appears that 
the low urinary phosphorus values associated with the feeding of these 
diets, as discussed below, ma.y have been a limiting factor in calculi 
production. In contrast, calcium chloride fed with the high-phosphorus 
calculogenic diet terrled to lower urine pH ar.rl greatly reduced calculi 
incidence. The urina_ry pH of all lambs exceeded the values of 6 . 6 to 
6.8 above which magnesium arrl calcium phosphates have been shown to 
precipitate from urine (Elliot et al., 1961 ;  Carbone, 1965) . Titrat­
able alkalinity of the urine was increased (P < .01) by feeding 2% 
sodium bicarbonate, whereas additional phosphorus decreased (P < .01) 
this value. There was a ter.rlency for calcium chloride to reduce 
titratable alkalinity. 
Additional dietary calcium fed as ground limestone increased 
(P < . 01) urinary calci1.m. concentration only in the absence of the 
higher level of phosphorus ar.rl sodium bicarbonate . However, calcium 
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chloride increased (P < .01) urinary calcium concentration in all 
instances. Sodium bicarbonate and phosphorus reduced (P  < .01) urinary 
calcium concentration with the former also lowering (P < , 05) the 
total amount of calcium excreted in 24 hours. Urinary magnesium 
(mg. /100 ml.) was lowered by sodium bicarbonate (P < .05) and by 
additional phosphorus (P < .01) . However, the total amount of mag­
nesium excreted in 24 hr. was not affected by any of the dietary 
treatments • 
Urinary phosphorus concentration arrl 24-hr. excretion values were 
increased (P  < , 01) by the addition of phosphorus to the diet, Lambs 
fed the highest level of phosphorus (0.47%) and. 0.56% calcium, sup­
plied by grourrl limestone, had the highest average urinary phosphorus 
concentration • . The · factors contributing to the difference in urinary 
phosphorus excretion· between this group and the corresponding high 
phosphorus, low calcium group are not understood at this time, How­
ever, the failure of ground limestone at the 0.56% calcium level to 
reduce urinary phosphorus excretion in this instance is consistent 
with its failure to offer protection against urinary calculi. Eleva­
ting dietary calcium to 1.06% in the high phosphorus diet reduced 
urinary phosphorus concentration and depressed calculi formation, 
Potassium concentration of the urine was decreased (P < .01) by 
sodium bicarbonate or additional phosphorus. This appeared to be due 
largely to a higher (P < .05) urine volume for lambs on these treat­
ments. With the higher level of phosphorus, additional calcium 
increased (P < . 05 )  the total amount of potassium excreted in 24 hr , , 
but the values appeared to bear no relationship to the extent of 
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protection provided by the various levels or sources of calcium. 
The failure of sodium bicarbonate to promote urinary calculi in 
this exp�riment conflicts with results obtained in Experiment I. One 
of the major differences between the two experiments is the feeding of 
15% alfalfa - hay in this experiment as opposed to the all-concentrate 
diet fed previously. Udall et al. (19.58) reported that alfalfa hay 
in the diet decreases protein-bourrl hexosamine in the urine, thus 
decreasing calculi formation. However, one of the most obvious differ­
ences noted in the urinary data between Experiments I arrl II was that 
urinary phosphorus was much higher, and the increase in urinary pH 
attributed to the feeding of 2% sodium bicarbonate was greater, when 
an all-concentrate diet was fed, Average urinary phosphorus concen­
trations for groups of lambs fed an all-concentrate diet, as reported 
herein in Experiment I, were 19-99 mg. /100 ml. , while those obtained 
in this experiment 'With diets containing 15% alfalfa hay arrl comparable 
calcium and. phosphorus levels were only 0. 8-24 mg. /100 ml. The low 
urinary phosphorus values associated with the feeding of diets contain­
ing alfalfa hay may have been a limiting factor in the lack of calculi 
formation in sodium bicarbonate fed lambs in this experiment. This 
difference in urinary phosphorus excretion remains unexplained at the 
present. 
A dietary calcium to phosphorus ratio of 2:1 or higher has been 
recommended by Bushman et al. (196.5b) for the prevention of phosphatic 
calculi, With the higher level 01' phosphorus, the lower level of cal­
cium. used in the experiment reported herein gave a calcium to 
phosphorus ratio of o. 7:1. With the higher level of c_alcium the ratio 
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was 2.3:1, 'When the added calcium was supplied as grourrl limestone, 
even the highest level provided only partial protection, but with 
calcium chloride providing the added calcium (approximately 4-0� of the 
total calcium) a ratio of 1.2:1 provided complete protection . The. 
difference is undoubtedly related to the acid-forming characteristics 
of the latter. 
Summary 
An experiment using 360 lambs was conducted to compare the effects 
of calcium carbonate (groun:i limestone) and calcium chloride on feed­
lot performance an:i phosphatic urolithiasis when fed in a 15% alfalfa 
hay . diet containing added phosphorus or sodium bicarbonate, The 
incomplete factorial involved O an::l 2% sodium bicarbonate, 0, 22 arrl 
0 ,47% phosphorus and 0.31, 0, 56 arrl 1. 06% calcium in the diet. At the 
0, 56% calcium level, both ground limestone arrl calcium chloride were 
used, while orµ.y grouni limestone was utilized at the higher calcium 
level. Sodium bicarbonate was fed only '"-?-th the low phosphorus series 
of treatments. 
The higher level of phosphorus (0,47%) reduced weight gains, but 
additional calcium, in the form of ground limestone or calcium chloride, 
overcame this depression. Calcium chloride appeared. to be less effec­
tive than grouni limestone in overcoming the weight gain depressing 
effect of high dietary phosphorus, but was more effective in preventing 
urinary calculi. The greatest incidence (50-52%) of calculi was 
obtained by feeding 0 ,47% phosphorus and 0.31% or 0 , 56% calcium fur­
nished by grourrl limestone . However, by increasing dietary calcium 
to .1, 06% with grou.rrl limestone, calculi incidence was reduced 
(29% versus 50%) . With the feeding of calcium chloride (0 , 56% 
calcium level), calculi were completely prevented, The feeding of 
sodium bicarbonate in these 15% �lfalfa hay diets did not promote 
calculi formation , although it did cause a slight increase in urine 
alkalinity. 
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III . POTASSI UM ,  PHOSPHORUS AND CALCIUM INTERRELATIONSHIPS INFLUENCil\G 
FEEDLOT PERFORlvJANCE AND PH0..9PHATIC UROLITHI.ASIS DJ LAMES 
Conflicting reports have appeared in the literature concerning the 
relationship between dietary potassium arrl ovine urolithiasis. An 
increased intake of calcium arrl/or potassium was reported. by Robbins 
et al. (1965a) to decrease the incidence of urinary calculi in wether 
lambs fed calculogenic diets having phosphorus contents of 0. 20 to 
0. 35%. Using similar dietary conditions, Crookshank (1966) concluded 
that potassium salts offered more protection than correspo:rrling sodium 
salts.  On the other harrl, · Bushman et al. (1968) fourrl 1% potassium 
chloride to increase the incidence of urinary calculi in wether lambs 
fed a high-phosphorus (0. 55%), calculogenic diet. A high phosphorus 
intake with a consequential elevation of urinary phosphorus has been 
shown by several workers (Emerick et al. , 1959 ; Packett arrl Hauschild, 
1964 ; Bus�n et al. , 1965a, b ;  Robbins et al. , 1965a) to be associated 
with phosphatic urolithiasis. Elevated levels of dietary calcium 
(Emerick an:i Embry, 1963, 1964 ; Bushman et al. , 1965a, b)  an:i certain 
salts, including sodium chloride (Elam et al. , 1957 : Udall, 1959 ;  
Udall arrl Chow, 1963), ammonium chloride (Crookshank et al. , 196o ; 
Bushman et al. , 1967, 1968) an:l calcium chloride (Bushman et al. , 1967, 
. 1968), have been shown to offer some degree of protection. 
The experiment reported. herein was corrlucted to determine the 
influence of added dietary potassium as potassium chloride on feedlot 
performance and formation of phosphatic urinary calculi in lambs fed 
diets containing various levels of phosphorus and calcium. 
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Experimental 
This experiment utilized 24o Texas ewe lambs of mixed breeding 
and was co:rrlucted over a 95-day period in the swnmer. Although it is 
rare to have obstructive urinary calculi in ewes, the incidence of non­
obstructive calc.uli , as determined at slaughter , has been shown to be 
similar in ewes and. wethers fed high-phosphorus, calculogenic diets 
(Emerick and Embry , 1964). In order to assess the influence of sup-
plemental potassium on feedlot performance , it was deemed desirable to 
avoid large losses of animals from obstructive calculi in any of the 
experimental groups. The lambs, averaging 27. 3 kg. , were allotted on 
the basis ·of weight to eight treatments replicated three times with 
10 lambs per pen initially. Approximately 2 weeks before the start of 
the experiment , the lambs were vac-cina t_ed for prevention of entertox­
emia arrl drenched with thiabendazole. 
The experimental design was a 2 x 2 x 2 factorial involving two 
levels of potassium (0. 41 and 1. 01%), two levels of phosphorus (0  • . 24 
and. 0. 57%) and two levels of calcium (0, 28 arrl 1. 20%) .  The basal diet 
consisted of 76. 6% grourrl shelled corn, 20% ground alfalfa hay , 0 , 5% 
trace mineral salt arrl 2. 9% soybean meal (44% crude protein) plus 227 
I. U. vitamin A per kg.  of diet. The lower level of each treatment 
variable was inherent in the basal diet. In addition, it contained 
12. 3% crude protein (N x 6. 25) ani 0. 16% magnesium. The higher levels 
of phosphorus arrl calcium were obtained ·by adding 1.52% anhydrous 
disodium phosphate and 2. 27% grouni limestone, respectively. Addition 
of 1% potassium chloride provided the higher level of potassium, All 
mineral additions were made at the expense -of corn. 
Initially, lambs were fed 0. 32 kg. of the experimental diets plus 
o .46 kg. of chopped alfalfa hay daily. The chopped alfalfa hay was 
eliminated and corresponding increases in the experimental diets were 
made over a 5-day period. Thereafter, they were fed -the experimental 
diets once daily ·so feed was available at all times. Water was given 
ad libitum. 
A blood sample was obtained by jugular vein puncture from each 
lamb after 30 days on experiment, arrl the serum was stored frozen until 
analyzed. Serum arrl feed mineral analyses were performed as described 
for experiment 1, with the exceptio� of serum potassium, which was 
. .  
determined by flame photometry (Coleman, 1956). 
One la�b was lost due to factors apparently unrelated to experi­
mental treatment. Feed consumption data were corrected in this 
instance by subtracting an average value for the lamb removed. At the 
termination of the trial, the lambs were slaughtered an:l the urinary 
bladders and kidneys were examined for calculi. 
Statistical analyses were performed by methods outlined by Steel 
and Torrie (�960) . Data from nine lambs per pen, or 27 lambs per 
treatment, were used in the analyses of variance for feedlot perfor­
mance and blood values , the extra data be_ing withdrawn at rarrlom to 
provide equal numbers. Statistical analyses of urinary calculi 
incidence among treatments were made by the· Chi-square method. 
Results arrl Discussion 
Data obtained from this experiment are shown in table 7. Increas­
ing the phosphorus content of the low caicium diet from 0. 24 to 0 . 57% 
tended to reduce weight gains and feed consun:ption with the greatest 
TABLE 7.  DATA ON FEEDLOT PERFORMANCE, SERUM VALUES AND . URINARY CALCULI INCIDENCE - IIIa 
. Phosphorus
i
_ %b 
Control s eries · 1� KCL s eries 
0, 24 0, 24 0 • .57 0 • .57 0, 24 0 . 24 0. 57 
Calcium1 i 0, 28 1 . 20 0 . 28 1 . 20 0, 28 1 . 20 0 . 28· 
No . of lambs C :,o 30 29 30 30 30 30 
Av. daily gain, kg . 0 � 197 0 .197 0 ,180 0 .189 0 , 194 0 . 200 0 . 169 
Av, feed consumption, kg . /day 1 . 20 1 .23 1 .15 1, 20 1 . 18 1 . 24 1 .13 
Feed per kg, gain, kg . 6 .09 6, 23 6, 44 6 . 32 6 .10 6, 20 6, 7.5 
d Carcass grade ll,8  11 . 9  11 . 5  11. 4  11. 6  11 .4  11 . 3  
Urinary calculi incidence e 1 0 16 5 0 0 17 
Serum values , mg . per 100 ml.  
Phosphorus 7 , 05 6, 66 8 . 66 8 ,17 6, 94 6 .40 8, 90 
Calcium 10 . 6  11. 0  9,4 10 .1  10, 7 10 . 7  9, 6 
Magnesium 3 . 26 3 .13 3 , 58 3 . 06 3 . 22 3 .12 3 . 24 
Potassium 21 . 5  21 .8 22 . 2  22, 1  22 .4  22 .8  22. 6 
a · 9.5-day experimental period , 
b Air-dry basis . 
0. 57 
1 . 20 
30 
0 . 200 
1 . 21 
6, 05 
11 . 6  
5 
7,85 
10 . ()  
3 .12 
22 .4  
c 
Initially 30 lambs per treatment , but one was lost due to  causes unrelated to treatments , 
d Choice = 11 , prime = 14. 
eRepresents animals having urinary mineral deposits at slaughter ; no obstructive cases were 
observed. 
� 
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reduction in weight gains occurring when the diet also contained 1% 
potassium chloride. Increasing dietary calcium from 0. 28 to 1. 20% 
resulted in significantly (P < . 05) higher weight gains arrl .feed 
consumption. In this regard , the added calcium completely overcame the 
weight gain depressing effect of the higher level of phosphorus with 
and without 1% potassium chloride. 
Average weight gain of lambs fed the high-phosphorus, low-calcium 
diet with 1% potassium chloride was 6. 7% below that of the correspon:l� 
ing group not fed potassium chloride. Using a diet having phosphorus 
an:l potassium contents exceeding those in the current study (0._ 64% P, 
6 dt d 4 d ) ( 68 ) � o .  7l' K E• 0. 57r-> P, 0. 1"' K , Bushman et al. 19 obtained a 2710 
reduction in weight gains of wether lambs by feeding an additional 1� 
potassium chloride. It is not known if the differences in phosphorus 
an::l potassium levels may have contributed to the difference in results 
between the two studies. 
No obstructive cases of urinary calculi were observed in the �we 
lambs used in this experiment. Therefore, the urinary calculi inci­
dence represents mineral deposits found in urinary bladders and kidneys 
at the time of slaughter. Calculi were fourrl in only one of the lambs 
.fed the lower (0. 28%) level of phosphorus. Lambs fed diets with 0 . 57% 
phosphorus and 0.28% calcium had a 55 to 57% incidence of calculi. 
Increasing the calcium level to 1.20% of the diet reduced the incidence 
to 17%. The increase in urinary calculi formation attributed to the 
higher level of dietary phosphorus an:l the reduction resulting from an 
increase in dietary calcium were significant (P < . 005) . 
Feeding 1% potassium chloride had no effect upon the number of 
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animals that developed calculi, but it appeared to promote the forna­
tion of larger calculous deposits, Average sizes of the deposits were 
120 arrl 83 mg. for lambs on treatments with and without potassium 
chloride ,  respectively. In work reported previously (Bu.shrr..an et al. , 
1968), a significant increase in the incidence of urinary calculi 
attributed to the feeding of 1% potassium chloride to wether lambs was 
accompanied by an apparent increase in obstructive cases. In the 
current study, the larger size of calculous mineral deposits in ewe 
l�mbs fed potassium chloride is further support of a detrimental effect 
of this salt when fed in conjunction with an elevated level of dietary 
phosphorus, 
With an increase in dietary phosphorus (0. 24 �• 0. 57%),  serum 
phosphorus values were significantly (P < , 05) increased arrl serum · 
calcium values were significantly (P < , 05) decreased. Raising the 
level of dietary calcium from 0 , 28 to 1. 20% caused an increase (P < , 05) 
in serum calcium an:! a decrease in serum phosphorus (P < , 1) an::i 
magnesium (P < , 01) ,  Groups of lambs exhibiting higher serum calcium 
values in response to the higher level of dietary calcium included one 
exception, i. e. those fed 1. 20% calcium, 0 , 24% - phosphorus an:l 1% 
potassium chloride. This appeared to contribute to a significant 
(P < , 05) potassium x calcium interaction that occurred in addition to 
the more commonly recognized phosphorus x calcium interaction (P < , 05) 
regarding serum calcium values. 
Serum potassium values were significantly (P < . 05) increased by 
the addition of 1% potassium chl_oride to the diet, This increase 
ammounted to an average of only o . 64  mg .  potassium per 100 ml. , but. 
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was accompanied. by very little within-treatment variation. Dietary 
potassium had no apparent effect on serum calcium, phosphorus or 
magnesium. However , there was a t��ency for the higher level of 
either dietary calcium or phosphorus to increase ( nonsignifieant) serum 
potassium values . A significant (P < . 05) interaction between calcium 
am. phosphorus relative to their effects on serum potassium was 
observed. Dietary calcium is known to reduce intestinal absorption of 
phosphorus (Gill et al. , 1959) ,  arrl this may have negated to some 
extent the effect of phosphorus on serum potassium. 
Data appearing in the literature previously indicate a potassium 
x phosphorus arrl/or calcium interrelationship . Gillis (1948) showed 
that chicks receiving diets deficient in phosphorus benefited from the 
addition of potassium as measured -by growth an::l bone calcification. 
Also ,  potassium x phosphorus arrl potassium x calcium interactions per­
taining to growth of rats were reported by Robbins et al . (196.5b) .  
However , their high-phosphorus diets appeared to contribute to urinary 
calculi formation in rats only �rrler corrlitions of a potassium defi­
ciency. The latter observation appears to conflict with results 
reported for sheep. Elam et al . (1956) found c.ombinations of potas­
siwn carbonate arrl phosphoric acid to be more calculogenic than either 
one a.lone added to the basal diet , but they recognized the role that 
differences in urine reaction may have played •in their studies . In a 
study appearing not to involve differences in urine reaction ,  Bushman 
et al . (1968) foun:l that 1% of potassium chloride fed to · wethers in a 
high-phosphorus , calculogenic diet significantly reduced weight gains 
arrl increased. the incidence of phosphatic _ urinary calculi . 
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Although urinary calculi incidence in the studies reported herein 
was not increased in ewe lambs by the feeding of 1% potassium chloride, 
the average size of the · calculou.s _deposits was larger. This observa­
tion, as well as growth arrl blood serum data, in::licate the existence of 
a potassium-phosphorus interrelationship that is detrimental to lambs 
fed potassium chloride in a high-phosphorus, calculogenic diet. 
S�ry 
Two levels of potassium (0.41 and 1.01i) , two levels of phosphorus 
(0.24 and 0.57%) and two levels of calcium (0.28 an:i 1.20%) were used 
in a 2 x 2 x 2 factorially designed. experiment to determine the 
influence of excess dietary potassium on feedlot performance an:i the 
formation of phosphatic urinary calculi in lambs fed various levels of 
phosphorus arrl calcium. A total -or 24o Texas ewe lambs were allotted 
to the eight treatments. 
There was a tendency toward lower weigh� gains and feed consump­
tion for lambs fed the higher level of dietary phosphorus. This effect 
was most pronounced in the presence of the highest level of potassium 
(1% potassium chloride added to the diet). Added calcium completely 
overcame these effects. No obstructive urinary calculi were observed 
in these ewe lambs. However, those fed the highest level of phosphorus 
ard the lowest level of calcium had a 55 to 57% calculi incidence as 
· determined at slaughter. While the incidence of urinary calculi was no 
different in the lambs fed the higher level of potassium, the average 
size of the urinary mineral deposits was larger amounting to 120 ard 83 
mg. for lambs on treatments with an:l without 1% potassium chloride, 
respectively. Increasing the level of calcium to 1.20% of the diet 
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reduced the calculi incidence to 17%. These data support the existence 
of a detrimental potassium-phosphorus interrelationship expressed in 
lambs fed elevated levels of each. · 
Sfil�1ARY A11D CONCLUSIONS 
The most important factors among those shown to influence phos­
phatic urinary calculi formation appear to be dietary factors 
contributing to elevated urinary phosphorus concentrations arrl/or urine 
alkalinity. The urine of ruminants is normally alkaline arrl in these 
experiments ranged from an average pH of 7 . 8  for lambs fed an all­
concentrate basal diet to 8.4 for lambs fed a similar diet containing 
15% alfalfa hay. However, urinary phosphorus concentrations were 
notably higher (0 . 8  - 23 . 6  �• 19 - 99 rng . /100 ml . )  in lambs fed the 
all-concentrate diet. Neither of these basal diets, an all-concentrate 
diet or one containing 15% hay, promoted calculi. Additional dietary 
phosphorus rendered both of these diets calculogenic, but sodium 
bicarbonate had a calculogenic effect only with the all-concentrate 
diet • . Lambs fed diets made calculogenic by virtue of added phosphorus 
or sodium bicarbonate showed no increase in nondialyzable urinary 
protein, hexose an:i hexosamine . Serum arrl urine potassium an:i sodium 
appeared to have no important relationship to urinary calculi forma­
tion in sheep, _ except when they contribute to urine alkalinity. 
The feedfng of sodium bicarbonate with either an all-concentrate 
or 15% hay diet did not influence feed consumption or weight gains in 
lambs . In addition to its calculogenic effect, excess dietary phos­
phorus tended to depress weight gains. Additional dietary calcium was 
partially effective in overcoming the weight gain depr�ssing effect of 
excess phosphorus, an:l offered some degree of .protection against 
urinary calculi pres�bly by reducing urinary phosphorus excretion . 
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With dietary phosphorus levels · approxirnating 0.4 0. 5% ,  the calcium 
to phosphorus ratio should exceed 2 : 1  to provide a high degree of 
protection _ against calculi when grouni limestone serves as the source 
of supplemental calcium. Calcium chloride provided more protection 
against calculi formation thari was obtained from the use of groun:l 
limestone at equivalent calcium levels. 1calcium chloride appears to 
provide protection against calculi formation by depressing urinary 
phosphorus excretion and lowering urine pH. � � � 
While a low calcium to phosphorus ratio in the presence of an 
elevated level of dietary phosphorus appears - to be an important pre­
requisite for urinary calculi, a low calcium to phosphorus ratio 
(0.5-1 : 1) did not promote calculi . when accompanied by a dietary phos­
phorus level approximating requirements .  The feeding of 1% potassium 
chloride in a high-phosphorus, low-calcium diet appears to contribute 
to an exaggeration of the calculogenic an:i weight gain depressing 
effects of this diet. This effect is also overcome by the use of 
additional calcium. 
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